Introduction
Stroke, both ischemic and hemorrhagic, is a common and devastating disorder. Currently, ischemic heart disease and stroke are the leading causes of mortality worldwide and more than 80% of deaths occurring in the low and the middle income countries. [1] The incidence of stroke increases with increasing age and with the growing elderly population worldwide, the number of patients with stroke are likely to increase. [1, 2] In most of the ischemic strokes the underlying pathophysiology is atherosclerosis. The risk factors for stroke are modifi able and non-modifi able. The modifi able risk factors are mostly related to the atherosclerotic burden and include diabetes, hypertension, smoking, and hyperlipidemia. [3, 4] Several risk prediction scoring
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systems have been evolved to identify individuals with high risk. However, most of these scoring systems have some limitations.The carotid intima-media thickness (CIMT) has emerged as a reliable independent marker of cardiovascular disease. We studied the the CIMT in patients with acute ischemic stroke.
Materials and Methods
The study subjects included 60 patients aged above 45 years with acute ischemic stroke confirmed by computer tomography (CT) scan and 50 controls matched by age, gender, diabetes, and hypertension. 
Carotid measurements
The CIMT measurements were made using an ACUSON 128 × P/10 machine with a 7.5 MHz linear superfi cial array probe in B-mode. All readings were taken and interpreted by the same investigator. The far wall IMT was measured as the distance between two echoic lines separated by anechoic space as validated by Pignoli et al., [5] [ Figure 1 ]. The point of measurement was taken 1 cm proximal to the carotid bulb at the site of maximal thickness. Six readings were taken in each carotid artery, avoiding the areas having plaques. The thickness was measured manually and recorded, using electronic calipers. The mean of the maximum IMT was taken as the largest value among all the 12 readings. The ultrasound machine used had a sensitivity range of 0.1 mm i.e., each division was equivalent to 0.1 mm.
The presence and number of plaques was quantified in both the carotids. A plaque was defined as a focal thickening of 50% greater [ Figure 1 ] than the surrounding area or greater than 1.5 mm. Each carotid was scanned for the number and thickness of plaques. Similar readings were taken among the controls.
Lipid profile
The lipid fractions were measured in both the patients and controls. First, the serum was separated into total cholesterol and triglyceride fractions. The very-lowdensity lipoprotein (VLDL) fraction was calculated as one-fifth of the triglyceride level. The high-density lipid (HDL) level was estimated by precipitating the cholesterol fraction. The low-density lipid (LDL) value was then calculated by subtracting the sum of the HDL and VLDL from the total cholesterol according to the Friedeward formula.
Statistical analysis
All calculations were performed using the Microsoft Excel program, 2004 edition and the GraphPad InStat 3 program. The demographic profile of the cases and controls were analyzed using unpaired 't' test if the parameter passed the normality test. Otherwise, the Mann-Whitney test was used. The two groups were compared with respect to the mean age, sex distribution, presence of diabetes, hypertension and smoking, and past history of ischemic heart disease and stroke. The CIMT was compared between the cases and controls using the Mann-Whitney test. Subgroup analysis of the distribution of IMT across various age groups was also performed using MannWhitney test since the distribution of data did not pass the normality test. Univariate analysis was done to determine the relationship of individual risk factors such as age, gender, diabetes, hypertension, and past history of coronary artery disease and cerebrovascular disease. IMT was separately calculated in the groups of patients with and without the risk factor and then compared using Mann-Whitney test. The two groups were analyzed with respect to presence of plaques. A separate analysis was performed to study if the IMT in patients with carotid plaques was significantly different from that among cases without plaques. Both the patients with and without plaques were separately analyzed in the patient group and controls to see if the difference in the IMT could be attributed to the presence of plaques alone.The two groups were also analyzed with respect to different lipid fractions. The strength of correlation between the various lipid fractions and the IMT was separately calculated using the Spearman's correlation test.
Results
The mean age of the patient group was 60.22 years and there were 37 (62%) males. There were no significant differences in the base-line characteristics among patients and controls [ Table 1 ]. All the 60 patients with ischemic stroke had nonhemorrhagic infaction on CT scan. The
Figure1: Carotid ultrasound depicting IMT and plaque
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neurologic findings included hemiplegia in 88%, aphasia in 52%, faciobrachial monoplegia in 5%.
Carotid intima-media measurements
In patient group the mean CIMT was 0.782 6 0.19 mm (range 0.5-1.5 mm) and it was 0.594 6 0.98 mm (range 0.4-0.9 mm) in the controls (P , 0.0001). This difference was also significant in the subgroup analysis by risk factors hypertension, diabetes, and smoking between patients and controls [ Table 2 ]. The differences in the mean IMT between males (0.767 6 0.18 mm) and females (0.787 6 0.22 mm) in the patient goup was not significant. However, the difference was significant in both the genders when compared to controls (P ,0.001). When the differences in mean IMT were compared among the different age groups in the patient group, there was significance (P ,0.05). The number of subjects with history of stroke or TIA was 9 (15%) in the patient group and 3 (6%) in the control group (P . 0.193).
The IMT was significantly increased in smoker and nonsmoker, diabetic and nondiabetic, hypertensive and nonhypertensive among the cases compare to controls [ Table 3 ].
Carotid plaques were present in 18 patient with stroke when compared to 7 in controls (P 5 0.067). The number plaques was higher among patients with diabetes (33.67%), hypertension (70%), and smoking (40%). The corresponding Figures among controls were 10% in diabetics, 12.5% in hypertensives, and 10% among smokers [ Table 4 ]. The difference between the two groups was significant in regard to hypertension (P 5 0.019). Patients with carotid plaque had significantly increased IMT (0.95 6 0.22) when compared to patients without plaques (0.71 6 0.12) (P ,0.001). The lipid fractions were measured in both the patients and the controls and the differences were not significant [ Table 5 ].
In the absence of a well-defined population cut-off value for IMT, we used control mean IMT plus two standard deviations. The IMT value thus calculated was 0.79 mm. Such a value would include 95% of the controls. Of the 60 patients, 29 patients had an IMT above 0.79 mm while 31 had an IMT below this cut-off value. As expected, only two subjects among the controls had IMT above this value. The sensitivity of this value was 48.33%, while the specificity was 96%. The positive predictive value was 93.55%, while the negative predictive value was 60.76%.
Discussion
In the present study the IMT was significantly more in patients with acute ischemic stroke when compared to controls and this difference persisted across all age groups. The mean IMT in our study was 0.792 mm, which is similar to the values reported in other Indian studies [6] but lower than the reported value from the developed countries. [7, 8] The mean IMT in the study by Mukherjee et al., from Kolkatta was 0.66 mm in patients with stroke and 0.32 in the controls. In this study the sample size was small and the controls were not matched by the risk factors. [6] In the Italian study by Cupin et al., [7] the mean IMT was 1.04 mm in patients with nonlacunar stroke and 0.91 mm in patients with lacunar strokes. In the control subjects it was 0.91 mm. The baseline characteristics of the patient population was some what similar to our study except for age, the mean age in this study was approximately 70 years, This study also found greater correlation of CCA-IMT with nonlacunar compared to lacunar strokes. In the study by Pruissen et al., [8] the mean IMT was 1.08 mm and the age of the patient population was 63 years. They have also found a significant difference in the IMT value between patients with large vessel disease and small vessel disease. Onbas et al., [9] reported increased mean IMT in the artery ipsilateral to the brain infarct when compared to the contralateral artery. [9] The mean IMT in the artery ipsilateral to the brain infact was 1.02 mm. In the Étude du Profil Génétique de l'Infarctus Cérébral (GÉNIC) Case-Control Study the mean IMT was 0.797 mm in stroke patients and 0.735 mm in controls. [10] The base-line clinical characteristics in this study were similar to our study population except for higher age and hypertension.
Our study has some limitations, it was a single-center study done in a tertiary care hospital. The sample size was small and did not have adequate numbers to analyze the effect of some the risk factors. Our study was not a prospective study and could not calculate hazard ratios for IMT values. We could not study the progression of IMT.
